PURPOSE. There is evidence suggesting that visual disturbances in patients with Alzheimer's Disease (AD) are due to pathologic changes in the retina and optic nerve, as well as to higher cortical impairment. The purpose of this study was to evaluate retinal hemodynamic parameters and to characterize patterns of retinal nerve fiber layer (RNFL) loss in patients with early AD.
TABLE 1.

Characteristics of Patients with AD and Control Subjects
shows retinal photographs of a control subject and a patient with AD. The only noticeable difference clinically is that the retinal veins in the patient appear to be somewhat narrower than those in the control subject. This impression is borne out by the laser Doppler measurements. Retinal photographs of a control subject (left) and a patient with Alzheimer's Disease (right). The retinal veins in the patient appear narrower than those in the control subject. Table 2 shows the comparison of retinal hemodynamic parameters between the AD and control groups. There was a statistically significant difference in the venous blood column diameter between patients with AD and control subjects (P = 0.01) (Fig. 2) . Although lower in the AD group, the venous centerline blood speed was not significantly different from the blood speed in the control group (P = 0.07). The blood flow rate was significantly lower in patients with AD compared with control subjects (P = 0.002; Fig. 3 ) .
TABLE 2.
Retinal Hemodynamic Parameters in Patients with AD and Control Subjects Retinal venous blood column diameter in patients with Alzheimer's Disease and age-matched control subjects. Horizontal lines, bottom to top: 10th, 25th, 50th (median), 75th, and 90th percentiles. Values above the 90th and below the 10th percentile are plotted as circles.
FIGURE 3.
Retinal blood flow rate in patients with Alzheimer's Disease and age-matched control subjects. Percentiles are marked as described in Figure 2 . RNFL thicknesses measured in each of the four quadrants in the patients with AD and in the control subjects are shown in Table 3 . A significant RNFL thinning was found in the superior quadrant in the patients with AD compared with the control subjects (P = 0.02; Fig. 4 ). There were no significant differences in the inferior, temporal, or nasal RNFL thicknesses between the groups. In addition, there was no significant correlation between superior RNFL thickness and retinal blood flow in the patients with AD. 
Discussion
In this study, retinal hemodynamic data obtained in patients with mild or moderate AD showed a marked narrowing of the retinal venous blood column diameter and a reduction in retinal blood flow rate compared with age-matched control subjects. To our knowledge, this is the first study to demonstrate abnormalities in the retinal circulation of patients with AD.
OCT data showed a significant thinning of the peripapillary RNFL that was most pronounced in the superior quadrant. Our RNFL results are consistent with the visual field findings reported by Trick et al. 11 They observed predominantly inferior visual field defects in patients with AD, which correspond structurally to superior RNFL
